Abstract-This study proposes a single-supplier, singleretailer inventory and pricing strategies for deteriorating items with ramp type demand and a fixed shelf-life under shortage. In practice, there are many commodity such as food, medication exist the shelf life. Therefore the shelf life expiration date has become an important research topic in inventory management. We will discuss three cases. We assume that the inventory objective is to minimize the total cost per unit time of the system. By using the subroutine FindRoot in commercial software Mathematica 5.2, we obtain the optimal solutions
INTRODUCTION
In the early stage of the study, many researchers have studied inventory models for deteriorating items such as electronic components, food items and fashion goods. The effect of deterioration is very important in many inventory systems. Most of the literature assumes that a constant proportion of items will deteriorate per time-unit while they are in storage, Ghare and Schrader established a model for an exponentially decaying inventory [1] . Covert and Philip used a variable deterioration rate of two-parameter Weibull distribution to formulate the model with assumptions of a constant demand rate without shortages [2] . Shah and Jaiswal presented an order-level inventory model for deteriorating items with a constant rate of deterioration [3] . Aggarwal developed a note on an order-level model for systems with a constant rate of deterioration [4] . Various authors have dealt with this issue; Skouri and Papachristos [5] ; Teng, Ouyang and Cheng [6] ; Jaggi, Aggarwal, and Goel [7] ; Teng, Ouyang, and Chen [8] .
In the classical inventory model, the demand rate is assumed to be a constant. In reality, the demand for physical goods may be time-dependent, stock-dependent and price dependent. Dave and Patel studied the inventory model for deteriorating items with time-varying demand [9] . Hill presented the inventory models for increasing demand followed by a constant demand [10] . Mandal and Pal extended the inventory model with ramp type demand to deterioration items [11] , also allowing shortages. Manna and Chaudhuri studied the EOQ model with ramp type demand rate, time dependent deterioration rate, unit production cost and shortages [12] . Various authors have dealt with this issue; Chen, Ouyang and Teng [13] ; Panda, Senapati and Basu [14] ; Avinadav and Arponen [15] . Other researchers, there are many literatures that propose and evaluate the algorithms [16] , [17] , [18] , [19] , [20] , [21] , [22] , [23] , [24] .
This study proposes a single-supplier, single-retailer inventory and pricing strategies for deteriorating items with ramp type demand and a fixed shelf-life under shortage. Shelf life is the recommendation of time that products can be stored, during which the defined quality of a specified proportion of the goods remains acceptable under expected conditions of distribution, storage and display. Most shelf life dates are used as guidelines based on normal and expected handling and exposure to temperature. In practice, there are many commodities such as food, medication. Therefore the existence of shelf life expiration date has become an important research topic in inventory management. It is important to control and maintain the inventories of deteriorating items for the modern corporation. Besides, expressions for an inventory system's total cost are derived for these two cases. Sensitivity analysis of the optimal solution with respect to major parameters is carried out. Finally, a numerical example is presented to demonstrate the developed model and the solution procedure. The results can help managers determine the optimal total cost.
II. NOTATION AND ASSUMPTIONS
The mathematical model in this paper is developed on the basis of the following notations and assumptions. Notations 1 C ordering cost per setup.
2
C unit holding cost per unit time.
3
C unit deteriorating cost per unit time. 4 C unit product over the intended shelf life lost cost.
5
C unit cost of lost sales. (1) A single item is considered and infinite planning horizon.
(2) There is a single-supplier and a single-retailer for a single product in this model. 
It
 at time t. Therefore, the inventory level at time t , is governed by 1 10 () ()
with the boundary condition.
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The solution to"(1)," is
The solution to"(2)," with 2 0
we have the maximum inventory level is given by max 1 2 ( ) ( )
From " (5)," As a result, the problem here has decision max I . ( ) ( )
The total cost per cycle consists of the following five elements:
(a) The ordering cost is
(c) The inventory deteriorating cost is
(e) The cost of product over the intended shelf life per cycle is 1 5 1 ()
Therefore, the total cost per unit time during time-span
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and the optimal order quantity * Q is ** 12 
(e) The cost of product over the intended shelf life per cycle is 
CASE3: Fig. 2 (c) 
IV. NUMERICAL EXAMPLES AND SENSITIVITY ANALYSIS
By applying the subroutine, we obtain the optimum solution for Sensitivity analysis For studying the sensitivity analysis of the parameters on the proposed models, we changed (increasing or decreasing) the parameters by 25% and d took one parameter at a time, kept the remaining parameters at their original values.
The results are shown in Tables 1 Tables 2and Tables  3 reveals the following points. Example 1: From Table 1 , the following points are noted:
(1) It can be found that the value t is moderately sensitive to change in the value of 4 C and 5 C . In addition, * 2 t is low sensitive to change in value of 2 C , 3 C ,  and f . Moreover, * 11 () TVC t is moderately sensitive to change in the value of 4 C , 5 C and f. In addition, * 11 () TVC t is low sensitive to change in the value of 2 C , 3 C and . t is highly sensitive to change in the value of 1 C , 4 C ,  and 0
Moreover, * 2 t is moderately sensitive to change in the value of 2 C , 5 C and f . In addition, * 2 t is low sensitive to change in the value of 3 C and  . 3 C , 5
C and  . C .and  . In addition, * 31 () TVC t is low sensitive to change in the value of 3 C , and not affect sensitive to changes in value of f . 
V. CONCLUDING REMARKS
This study proposes a single-supplier, single-retailer inventory and pricing strategies for deteriorating items with ramp type demand and a fixed shelf-life under shortage. Shelf life is the recommendation of time that products can be stored, during which the defined quality of a specified proportion of the goods remains acceptable under expected conditions of distribution, storage and display. In practice, there are many commodities such as food, medication. Therefore the existence of shelf life expiration date has become an important research topic in inventory management. This paper presented a methodology and provided numerical results related to ramp type demand rate to find the optimal inventory policy. Three numerical examples are given to illustrate the solution procedure and sensitivity analysis have been shown in Tables 1, 2 and 3 . We think that such type of shelf life expiration date is quite realistic and can provide as food, medication for the further study of this kind of important inventory models from the market information.
